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‘J’lIc  ltigl] resolutic)]l almrt)tioll sjwctrultl  of [~llsl~  ill tJIc rc.gio]l 900- 1 7 0 0  m- 1 has l)ecII
rcvisikd oiI tllc t.~asis  c)f IIcw’ lc)r Ig path cx~]crill[c]ltal data recorded wittl tlIc lburicr tra]isforln
s])cctro~nct,cr  at Kitt l)cak. A  tl)mrctical III(~d<l USA ]~revious]y  f o r  sl~llerical rotors  IIas I)CCII
adaj)tcd  for ~mlyato]l]ic  ]IIolcculcs  i[l order to al]alym  tlIc vil)ratio]lal  l)olyads of (;}1s1) sir}lul -
tallmus]y.  llotlI ‘Iliad  a]ld Nollad-’Jki.zrd  I.)alld syslcl IIs l]avc l)CCII i]lvcsligatcd.  “~’lIc lIot ljaIIcl

ill(cl)sities  were ckstill]atcd  tllroogll  direct  cx[r<il)c)l:itic)tl of tlIc ‘l}iad CIij)olc III CJIIICIItS,  600” Ii]lcs
fro]]]  tlIc lIot l~allds  Ilave lK-clI assigl~rxl and collllli]]d  wit]]  ot]lcr data  for  tllr ‘1’riad. ‘J’IIc ]I]ai])
lIot I)a]]ds  co]ltributiol]s  arc dIIC to 2vc - 1/6, 2//;{- //:{, v:j-{ vG- V3 a]ld 1):+ j vc ..-v~ I)ands,  ‘J’IIc stalI-

dard  dCVia(iOll ac]lic’vd f[)l 3377  ]i]lC! IIOSiliOllS  O f  t.]1~ ‘] ’ria(] W&S  (). [)6 ]() 3 (’7/7-  1,  [C]) ICSClltillg,

alt illl]]rovcv[lci]t,  of ol]c order of It]agrlitudc \villl rcwl)ccl to tlIc II IOSt rcccrlt analysis.

I.. l]droduction

h4cillal]c~  isallil]lljoItaIltco  ]lstit~lcIltcJft  llc]JlaI  lctaIyatlll(  Jsj)llcIcs. l{c:cclltt~’c)ll<sl)avc>
])rovidcxl  IIlodclizcd  sj~cctrwsco]jic d a t a  (sllcccssflllly  IIIodclcd  lillt!])ositions  aII{l i]lk]]siiim)

for tl)c Mrdlcdral i so topic  s]xxics ‘2C114  and ‘s~~~la  (j) -  (~), aIId tllcll ljr[:dictcd  lillc
])aralncteJs  with acclJracics  close to t,lIc 11’cjllilcll]eJ)t,sc)f  atJnosl)llcric  a])])licatiol)s froln t,lIc
nlicrowavc to iJlfrard  u]) to tlIc 3 jlm rep; ion. IIowcvcr, thcalla]ysisof  tl]c (/”11:31) s]m’b’ulll
is illcolnl)lck  al)ovc  2400 clll” ‘. l''c)lc xalll])lI,\4  llil[tllc  s])cctlc)s(o  ~)icclatal)ds(:s  likc(fl)or
(~) contail]  Jcasc)Jlal~lc]  )lccli{tic)l)sf  oltl)cf(JllJ  f[lllclztlI1f:Iltalsl  ~(:l,w(:{:ll  1150 aIIC12200C777-1,  ”
tl)(! 2400 k)32(l(l  Cln ‘ -1 rc?;ioll  csscJltially  col~sists  of cx])crilllcllt,al  values IIlcaslllwl  iJl llat,lJral
isotol)ic  al.)l]lldaJlcc  whic]l welt ])artially assip,ll(x{  frOIII ullj)llljlisl]ed  WOIk l)y ()]s()II (see ]kfs.
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4. A nal-ysis of the ‘1’riad

‘i’])(: fil’St StC]) of t~l  C ])1’CSCllt  WOIk W’;lS tO COJIVCI’t t]l(’ J’(’Sll]tS  of t]l(! ])l(>\iolJs  a n a l y s i s

(32 ) ,  (f,?)  illt)()  0111  t(vlsorial  IIlocld. (;1”01111(1  St?lt(!  ])al’alll(’t{’l  S  \$’C!l’C  t,illi(!Il  fIOIll (if)) Zill(l

coIlv(’rtcd  usi])g tlIc mlatiol~s  givml ill (j9), ( 15 ). IN() rcfiJlclllcllt of tflc grolll Id st atc constants
w a s  attrIIl])td sillcc co]l}l)iJ]atioll  difl”clclIc(+  011 0111 IIcw’ (Iatla was found qllitc (ollsistcllt
Ivitll  CJx])(’li}ll[’llt?il  acclllacy (see l~rcvious  sm t i(jll). ‘1’IIc ‘1’ria(l  ])aIiIIIIctcIs of (j] ), (.l~?) Lvcrc
Llscd as iJliti:\l  ])arall~ctcrs fo] 0111 llml  lillca J 11’ast-squares fit. ‘1’l]c IIlaill ])aralr]ctcrs were
calculatd  llsiJlg  tlIc rt~latiolls gi\wll  iJl (.15 ). \iTc cl Iccl{c(l  Imtll tllc tllcordical  tc’l:!li(~llslli])s
and cOJII~)lltcr  ])l’Oglalll  S I)y lc])rodllc.illg  tlIr calclJlatio  I)s of (11 ), (J3) ivitllill tllr co II II JutcI
accuracy for tllc.  (;l’O {111(] state. ‘1’lIclI wc ]wlfor]t]cd ikrativc  fitting  o f  tllc assign JJlcl]ts
Illclltiolld  almvc. olIr I)(st fit illcludcs  42 ‘1’liacl  l)aralllctcrs  a(ljustccl  olI 33’/’( tlaJlsitiol]s
[]]) to .1 : 18 illc.ludillg ])ractica]ly all ]mssil)lc valtJcs  o f  1{ u]) to K  : 1 7  foI tlIc tllrcc
lMIIds. ‘llIIC CJvcrall  staJldard  dcviatioJl  was O.M 1 ()--3 0//’-] (0.(;0 c?)?- 1 fol //:+, ().52 Ctn- 1
f{)]’ v:,, ( ) .57 (’??7  - ] f-o! v(;). ‘I”al)lc 3 gives tlic valum of tlIc 42 a(ljustd ImI all)ct,crs (Grou I Id
Stak  ])araJII(;tcrs  WCIC kc]~t  f i x e d ) .  As, SCCII  ill t]Ic ]ast CO] IIIIIII of ‘~’ab]c!  3, w’]lic. ]1 F;ivcs t]te
classical k:rllls itlvolvcd  ill ollr t)cllsorial  OINI ators$ tl)c II1o(Ic1  a])])licd  for tlic ‘Iliad il]clllclcs
a l l  lIIC (Iiag;ollal quarti(  terll)s, cigllt  (kliolis  trrlIls,  IIinc allliarlllollic  tcrIIIs I)](IS tllrrc tcrl]Js
({/ f,(), !J4 aJld 69) l,ot [o*,sidc*cd  ill tl,e ]~lic,r  st ,Idics. ~i~(’ I121VC not (:011 V(!l’t  d OIIJ” t (’JIS[)l’ia]

I)alalllct  crs into tllc  c l a s s i c a l  sj)(’C.tjJos(()  ])i( ( ol)stal)ts  1)( ’(’illlS(’  our l)rcdict  i{)ll  wolll(l  1101  1)(’
IX’I)IWIIIC(KI  if tltcsc IIcw t(:lllls were olllittv(l, Note tllai tll( (liaf~ollal  ‘J’riad I(IIIIS (l(Jlot(xl

I)JT A wl)rcsmlt vil)rat iollal dq)e.lldcllc.i(’s  of t lIc cOI lts]x)l~dillg,  p, JouIId  stat(  \al  IIcs.
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‘1’l)c illI]Jl ovclllcnt  of Ollc Order of Illagllitudc for LIIc staII(lal d dcviatiol]  011 I,IIc po
sit,iolts  wit,]) r(~s])cct  t o  tflc l)rcvious  al)alysis  call l)c Cx])laillml  l)y S(’vcra] r(:; isoIls:  ( i )  ~1 f(~~t
WIOIIg assip,lllllcllts  IIdvc I)C(VI clil)lillat(:d  ( i i )  1)1(  ’I I(I(xI t I ansitioIls  IIaw l)cxvI ICI I1OVHI froll)
111(: fit, ( i i i )  all f,roll])  ll]mrctical]y  .3110wc{l tcrllls was systclllatically  collsidcrd  using our
algoritlllns.  Note tlIat  a scllsiblc  ill]l)mvcllwlltl m’oIlld (:(rtail)]y  IIavc 1)[(:11  ol)tailld  (lsillg t,]I(:
II(:w’ set of data Ivitll  tllc IIlo(ld of tlIc ])rcvious a]lalysis. 1 lowcvcr,  tl]c II(W tmns c.ollsidcrd
IIcrc ])rovcd to I)c sigl]ificallt. ‘J’]Ic lcl]l;lillillg  dis(]cl)a])(y Ijctw(w[) tl]c Sta]ldard (Icviatio]l

acllicvcd a]ld tllc (~xl)(’lilllc]ltflz~l ])rcc.isioll cstilllatld  froll) co]l)l)il)alio])  diflcrcvlccs sIlggmt,  s

(lIat  IIigl)cr ord(:I tcrll)s sliou]d h addd. SuclI aII cxtcllsiol)  would lquirr a dctaill(xl  study
of 111(, allll)ig{litlics  of tlic cffcctivc  IIallliltollial]  wlli(]) was 1)0{ ill tlI(’ s(o])c of tlIc ]) JKSCII1
])a])ol’. ‘1’0 calullatc  lillc il)kvisitim, w: r(l)(atl(xl  tlIe fit of tlIc: 80 Itlcasurclllcllts of l{cf. (YJ )
ill or(lcr k) ~,ctl illtcllsit~~  ])aral J]ctcrs col)sistmlt  w i t h  oll J ])rcscllt cig;cJifllllctiol]s. ‘j’l Ic vallJcs

of tlIc col.lcsj)ol )(lillg”  dil~olc llloll]clltls  to tllc sali]c oldc J of ti])))loxiJlltitioll”  ill tcl)sor forlJl  arc
Iist(d  ill ‘1’able 4. ~l~c lla\’c J]ot Co]lvcrtc(l  0111 tcJlsorial  ])araJIlct m’s into tl)(’ classical mllstallts
fol” t]l(! SdJll(:  1’(’:ISOI1  ;iS fOJ’ ]]illlli]tOllid  Jl j)dlallld(:l’s. ‘ill  IC staIIdar(l  (Icviatioll  ol)taillcx]  OII {Jl)c
80 (Iata was 3.8(XI . IJcs])itc.  tl)c fact that our II Io(lcl  gives a IIIOIC syst,(~ljl~l[,i(:  d(!scri])tioIl
of filst order ])(:ltllll.):itic)ll  d’cctls Lllall 111(> cllil)iJical  llc’lllltiJl-14~allis  coIlsta  Jlls, this va]uc is
sligtllly  laJgCr tllaJl  tlIc value of t,lic l)riol  rcslJlts. ‘1’llis i s  l)robably  l)(caIIs(, [Illlikc ill tl)c
I)rior rcsl]lts, ill 0111 {it all data were givcll  tlIc SaIIIC wcigllt.

‘1’al~lc 5 lists trallsitio]ls  IIcar 1 1[)4 CIII -1 , sllo}vi]lg,  tlIC oIx+(:I  vcd ])ositiol], (Aculatd
il~t(v)sity,  01. McJw(l  - ca lcula ted  ])ositioll all(l qualltu]n  assiglllncllt. l“igurc 1 illllst,ratcs tile
qua]ity of t]lc ‘] ’riad alla]ysis  by S]lowillg tflc o~.)sel’vcd aJId Ca]culatcd  s])cc.tra  iJl tllc r e g i o n
of tllc VG Q brallcll  at 1145 CII1 -1 . ‘1’llc Jrsidua] diff’cr(]ic(s i]] l)crccIIt arc ])lottcd along tlIc
l)ot(ol  Ii.” ‘1’IIc obs(’rvc(l data  is tjhc first s]wctIulII  listed ill ‘1’al)lc  1.

5. Assignment of the lIot band system  NOIJ:Id - ‘J’riacl

Aftm tltc IICW study of tlIc ‘1’riad  Isas colll])lctcd,  t IIC lillc positions aIId illtcllsiticx  of
t]It’ NoJ]ac{ ‘]’I i ad systelll WCI’C ])rcdic.tc’d. ‘1’IIc l)arall]ctcrs  for I,lIC NoIIad Ill)])cr  state lCVCIS
w(:I(: takcJI flolll l)dilllillary  al]alyscs  0( tll[  3 to 5 /l?rl s]~cctra lJsi Ilg tllc lrlodc] dcfil)cd by ltq.
(1). ‘1’l)is  ]attc,  work is to k JC]XMtC!d  iJl a Sulmx]ucl)t  ,)tl]JCJ  . ‘J’l Ic IIot band iIitcJ)sitics  war
(~slill)atcxl  tll  IIOllp,l  I (Iircc( (’xttl’al)c)l  atjioll  of t II(: ‘J’ria(]  (lij)ol(”  II IOIn CIItS .3s follows. Mle IIscd tllc
first OIXICI lmralllctcrs  iJ]volvcd  ill tllc ‘I’liad-(; S ])art of lf;qs. (8 aIId 9) dcteJll)illcd fro]]] tfIc
fit of t]lc 80 JIIcasIIJ’cl  Il(’llts  of tllc ‘J’riad Illelltiol)d  ill tfI(! j)l’ccdillg Scx”:tioJl  (l)aI’aIIIctcr  val IIcs
(j IIot(d ill ‘J’al)lc f)). ‘J1llis set of paralllctcrs  I)rovidc al I csti]llat(:  of tflc NoIIa(l  - ‘1’riad  llc)t lmIId
illlc Jtslty good Lo tjhc ZCrOtll I order of a])])loxittl?ltloJl”  oIIly sill(c t,lIcrc exist 11 first order extra
I)a IaIIIctcrs ill tlIc Nollad-’l’riad  ])art of 11}(1 9 tl~at,  were ]lot c.ollsi(lcrcd, ‘jll ICSC olllit,tcd  tcrnls
aJc! ])UJ’C vil~la.tiolla]  tcrllls  CCJlll)CC.t,  illp,  t]l(’  ‘] ’]’iad  {,0 t,]l(!  full(]a  Illc!llta[  staks  o f  t,]Ic NoIIad.
‘1’al)l(! 6 l i s t s  sullllnatiol)s  of tllc ])Jdi(:t(d li])c i]ltcllsitics  for 24 l]ot Lal)ds illvolviJlg  scvcll
of tlIc Nmlacl  U]J]WI states. 1/01’ tllc Irasolls lllCIltioJld  al)ovc,  tllc sllIIIs rc~)ortcd  ill ‘J’al)lc (i
sIIoIIIc1 IIot Ix: c.ollsidcrd  as tllc true i~ltc/l,Jat  d l)aJld stl (:ll~tlls, but tlIcy do ]Jrovidc solllc
ill(licatiol) of tlIc l)aIId i)ltm)sitics.  111 fact, fro]]] visual  ills])cctioll  o f  t h e  s])cctra, wc follIld
a  Sdtisf.yillg  agJcx’Jllcllt  ]~ctwu!Jl t]lc! ])1’di[kd  ]Iot, ]ill(! ill{cllsitics  aIId (Iltc ot)s(’I’\fc!d OIICS. A s
S(’(,11 ill ‘1’al)lc  Ii, (11(’ StJ’Ollg(!St ]lC)t Imll(ls a l  (’ l)]di(:tc(l (() 1)(: 2//~(ll -1 A] )  //(;, //:{ -1 //(; //6,

lA{ -1 I/G - -  V:) aII(l 2//:3 - V:+,  aIIC{ II]ost of t IIc: (ioo” assj~lic({  110( I)all(l  ]jllcs l)C]OIIg  t,(~ l,] Icy+(: l)a II(ls.
A saIII]k of low ,] i(](’lltifi(’.atic)lls  arc S]1OW’J1  ill ‘]’a])le ‘ [ .  A(l(litiollal  Cf[OJ t, Wi]l 1.)(’ II Ia(]r k )

(~x{(II(l tll(’ l)ot l)a II(l a)lalysis  as I)art, of 111(’ NOJI~Id stJI(ly



‘1’lIc prcscIIt,  al)al~~sis  rclJlcs(:IIts tfIc fimt  stc:])  of’ a /Jol)al dcscl-il)tioll of tlIc illflalc(l
S])(Y (,111111  of the! Cl]:})) IIlolc!culc. ‘j’]1~ t,]lcoly;t,ical  II IOdC] w a s  (Iloscll (0 Illatcll tll(! ljolyad
S(lUC.(UIC  Of i])C I1)O]CCUIC.  ‘]l])(! tCll  SOlid]  fOI’llla]i  Sill \l’a S illll)](:I llCIltC[i llSillF;  JICi\’  d] F, OI’it, ]llils

cs])tcitilly  ada]jtcd  to tlIr si]llultallcous analysis of collll)lcx ]mlyads  of ]mlyatolnic Il~oleculcs.
Ncw (,x]mimm)tal  IIIcasurcIIIcIIts IIavc I. X:CII rcjmrtd al)d used i]] com])lcIIIc IIt of alwady

]nll)lisl  I(d data.

‘I’llcrcsLllts acllic\’(:clill  tllC})l’CS(!llt\$ ’ol’li il~c.llltl(s(\(:l:il  asl)ccts:  (i) ‘1’llc;lcclll:i(:s{jf
tlle(ilof  tficrl’riad tlrallsitioll  flc(](l(:llcicsll;is  Im’11 ilii])rov(d  l)yoIlcordcrof  lllap;llitllclc:~l’itll
]cslw(t  to tflc lnostf  rcccnt study; (ii) ‘1’lic {:c)llcsl)c)l)(li]lg  set of IIalniltm]ia]l tcr IIIs l)rov]dcs a
F,(XK{ (l(scri])tiolloftl  l(:)()\’ il)rati(JIlal  illijctti(:ti()  lls:il]l c) Ilp,tll cl)cIlcliI]gII lo(l(>sc) ftl)cl Il()lc([ll(,
(lilf{tly  cxtralmlal)lc  to UI)])CI  ]m]yads;  (iii) MaIIy trallsi(iolls of tllc NTOIIa(l - ‘1’riad systrIII
lIavc INXXI ])rcclictcd  aIId idm]tificd. ‘1’licy  lIa\’c sigl]ificalit (()]lt]il.)lltic)l]s  ill tl)c  7/[?tI r(p,io])

il]](l l)~ovidc. uscfl]l i]lfc)llll;it,iolls  011 tlI(: NoIIa(l  ll])])(:t’  ICVCIS ‘I’llc first coIll])lcllclls  i\~(,all:~lysis
oi tlIc N’ollad  systc]ll  is ill 1)1’o~l’css,  slid wi l l  1)(’ rc))ortc(l ill  i] slll)scqucl It ])a])cr.

f;li])l)ort  for t}lc  l)ijoIl lalmratory  Colll])utcr  C(]lli  J)lil(!ll~  froln the l{,[:giolt llou Ig’ogIIc  is
/;] atcfully  acknowldgcd. ‘1’ltc a u t h o r s  tflallk  (;.’l)arrago  alItl IV1.l)clavcau  fol l)lakil~g;  tfl{:ir
col~l])lltcr film available. l)art  of tlIc rcscarcll  rqmrtcd  ill tflis ]m]m  was lmrforl]Iccl at tllc ,Ict
I’lol)lllsioll  l,ahoratory, (;aliforJlia  llistitut,c of ‘~ ’dIIIology, UIIdCI co]ltract  with tf)c NatioI1al
Aclo~lalltics  ancl  Space A(lIIlil~istltiti(~ll. ‘1’lIc authors w’isll  to t}lallk tlIc Kitt, l’cak Natiol!al
ol)!~:~t’;itoly”  National Solar olxscrvatory  for tllc usc of tfl( 11’’~’S and C. l’lylllatc  and .1.
MT.a~,~ICI  for assistal]cc  it) Ol)taillillg  tlIc (~11~1)  sl)cctra.
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‘1’al)lc  2. (;o]}ditiolls  of i,llc l<itt l)cak cx]Jcrilncllts.
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‘1’aljlc 3. ltfl’cc.tivc 11 all]iltw)iall  ]mra]])ctcrs  for tllc ‘1’riad of C.TII:,I).

Nollmlclatlll’c!

ltc)taticnla] \~illlatiOllal l’al ZIIIICI(!l’  Valll[’ Notation  (j,2)
(;1’()[111(1  State collstaI;t,s

1 R2(0)OAI ) “000000000000 4.3370 M0770 A;];
2 I{2(2,0AI) 000000000000 ().2797663(i47 A:ll
3
4
5
(i
7
8

1)’1 ; ])JI<  &  ])111<i4(o,oAl  j 000000000000 -7.89402s lo-~
{4(2,0AI) 000000000000 5.18841(; 10-(; ]).11< ; ])1<1<

{4(4,0 AI) 000000000000 2.356015 10-(; ])1<1<

i(i((),OAl) 000000000000 3.74800010-<” ]]J ;  ]]JJJi ; 11.llili ;  ]11,:

t6(2,0Al) 000000 000000 1,940455 10-1(” 11.JJI< ; 1].11<1<  ; ]/l,

/(i(4,0Al) 000000000000” 1,036627 10-]()
llJ’’-’~ ; 11’<

000000000000 -4.317880 10”12 ]][<9 M(6,0A1)
l)iagOIlal V:i t(rtl)s

IO I{O((),()A1)- 001000001000 1306.847852(44)
1 1  R2(0,0AI) 0 0 1 0 0 0 0 0 1 0 0 0  -[;.9(i]7]2(4~)  ][)-2 ;A ; Al)
121{2(2,0A1) 001000001000” 1:222042(17)  10 y AA ; All
13 R4(0,0AI)  001000001000 3.291(49) 10-7 A l )J  ;  All’”< ; Al)I~l~
1 4  R4(2,0AI) 0 0 1 0 0 0 0 0 1 0 0 0 ”  3.(;36( 11) lo”? All”]< ; LAl)l;li
15 R4(4,0AI)  001000001000 -1.3889(39) lo-’~ A IY<[i

1/:{ K - >  V5 illt,cractioll  lt:rlt)s
171{.1 (1,11;)  “OO]OOO-OOOO]O -:4.100992  ](79) ‘“ C:l
18 1/2(2,11; ) 001000000010 0
1{) R2(2~l’; ) OOJOOOOOOO1O ()
201{3(1  ,11;)  001000000010 -2.01729(46) 10  4 {;;; ; (;;:
2 1  1{3(3,11;  ) 001000000010 4 .” /947(28)  10-:” (;;:

221/3(3,21;)  001000000010 0
~j:+ K - > ~/~ i]ltc]a(:t,iol)  t[il”l IIS

28 1{1(1”,11’:-) 6 0 1 0 0 0 -0 0 0 6 0 1  2.4372543[19)  C~l
291{2(2 ,11; ) 001000000001 -6 .81284(74)  10”:; L’?]
30 R2(2,21’:  ) 0 0 1 0 0 0 0 0 0 0 0 1  0
31 1{3(1  ,11’;) 001000000001 7.M)44(60)  10”:” (:;; ; {::;

32 1{.3( 3,11’; ) 001000000001 0
33 1{3(3,21<;  ) 001000000001 0
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39 l{o(oIOA 1 )
40 l/l(1,0A2)
41 R2(0,0A1)
42 R2(2,0AI)
43 1{2(2,111 )
44 1{2(2,21! )
45 R3(I,0A2)
46 lt3(3,0A2)
47 1{3(3,3A2)
48 R4(0,0AI)
49 R4(2,0AI)
50 li4(2,11~ )
52 R4(4,0A1)
:)4 l{4(4,11t )

:)7 Iu)(0,6A1)
m I{ I(1,0A2)
59 1/1(1,11! )
6(I I{2(0,0A 1 )
61 R2(2,0A1)
62 1{2(2,1 1’: )
63 l{2(2,21t )
64 1{3(1 ,0A2)
65 1{3(1 ,114: )
66 I{3(3,3A1 )
67 I{3(3,0A2)
68 R3(3,3A2)
(i{) R3(3,”llt  )

.70 1{3(3,21{: )

81 Ro((),6AI)
X? RI(1,0A2)
S3 N2(0,0A 1 )
84 R2(2,0A1 )
85 I{2(2,1R  )
86 1{2(2,21’: )
87 1{3(1 ,0A2)
88 R3(3,0A2)
89 R3(3,3A2)
90 1{4(0,0A 1 )
91 R4(2,0A1)
94 R4(4,0A  l)_.—

—.
l)iq;mlal  Vs t!cllt)s

‘tiOOO1  O 000010 14  72 .023447(52)  )1
000010000010 1 .9138 s84(35) A(i
000010000010 -3.74390(54) 10- “ AA ; All
0 0 0 0 1 0 0 0 0 0 1 0  -1. M9123(30) lo-z AA ;/l/l
000010000010 3.18871(20) 10 -2 q] ~
000010000010 62465(17) 10-:{ qzz
000010000010 0
000010000010 -7.0846(18) 10-:” #

000010000010 0
000010000010 -2.3579(59) 10-(; A l ) ”  ;  AI)’l’; ; Al)’’”<
OOOO1O 000010 -4.595(15) 10-”7 Al)’”< ; Al)lili
000010000010 9.02:)(89) 10-7
000010000010 3.365(13) 10”7 ~])l<li

0000]0000010 2.608(53) 10-7
> Ii,; ittt,claf:t,ic)l]  t,(:l)lls//~ < ;’

000010060001 0

000010000001 1.591202(24)
000010000001 3.:)5 s019(44)
000010000001 3.8:)50(23) 10-3

000010000001 0
000010000001 0
000010000001 3.3Mio2(72) 10-2
000010000001 0
000010000001 0
000010000001 5.4705(85) JO-5

000010000001 ()
000010000001 -6.406(91) 10-G
000010000001 5.625(12) 10-5
000010000001 0

l)ia~,O1lal  VG kmns
000001 000001 1I6I.103O4O(7S)
000001 000001 -4 .400’/081 (82)
000001 000001 7.3253(47) 10-:’
000001 000001 1.10982(60) 10-2

000001 000001 -3.1153(57) 10-2

000001 000001 1.:)116(94) 10-2

000001 000001 -1.8809(19) 10-4
000001 000001 -4.:)59(55) 10-5
000001 000001 0
000001 000001 -3.8’2(13) ‘10-7

000001 000001 5.123(67) 10”-7

000001 000001 -1.186([)8) 10-7

1’;, ,

Al)” ; Al)’”< ; [ll)]~’;
~]),11< ; ~])i, [<
~ ])1<1<
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s Rl(l,l]t ) 000000000010” 1;
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.].:)’/ ]()-~
4.52 10-2
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( a ) ( b ) ( c )

1 1 5 3 . 0 1 0 9  1.84E-24  652.”i’794
1 1 5 3 , 1 1 0 9  3.~7E-22  1 1 8 2 . 4 5 3 0

1 1 5 3 . 1 7 0 3  6.31E-23  2 8 4 . 5 4 9 4
1 1 5 3 . 3 3 6 3  2 . 3 8 E - 2 3  1 5 7 9 . 3 2 8 6

~153.4633  2 . 8 3 E - 2 3  1 5 1 8 . 7 5 0 8
1153.4792 5.67E-22  105.1 .5484

1 1 5 3 . 5 8 6 6  5.67E-23  2 2 2 . 5 8 1 7

~153.6172  3.06E--22  1 1 8 3 . 7 8 6 1
1 1 5 3 , 7 8 0 0  1.56E-22  4 2 6 . 1 8 6 6
1 1 5 3 . 8 2 ? 2 9  9.74E--22  9 2 8 . 2 3 5 5
1 1 5 3 . 8 6 8 9  1.59E-22  8 1 3 . 8 7 8 2

1 1 5 4 . 0 5 6 9  5.43E-22  1 0 5 2 . 8 8 5 6
1~54.  1427 1.601Z--2I  8 1 2 . 5 3 3 5

1 1 5 4 . 1 6 1 4  9.43E-23  1 1 8 7 . 7 8 6 4
1 1 5 4 . 3 0 1 7  5.60E-23  1 1 9 1 . 7 5 4 4

1~54.4245  2 . 2 0 E - 2 2  1 1 8 2 . 4 5 3 0

1 1 5 4 . 4 3 9 5  2.53E-21  7 0 4 . 4 6 1 1
1 1 5 4 . 4 9 0 3  9.13E-22  9 2 9 . 5 ” [ 6 5
1 1 5 4 . 5 3 2 6  $?.18E-22  1 1 8 3 . 7 8 6 1

1 1 5 4 . 5 3 2 9  1.45E-22  1 3 2 6 . 2 4 4 8
1 1 5 4 . 6 3 9 8  5.07E-23  1 4 2 9 . 0 6 1 3
1 1 5 4 . 7 1 3 7  3.82E-21  6 0 4 . 0 3 5 2

~154.8556  2.12E-22  1 1 8 7 . 7 8 6 4
1 1 5 4 . 9 1 1 4  4.16E-23  1 6 0 0 . 6 4 4 8

1 1 5 4 . 9 4 2 4  1.38E-21  8 1 3 . 8 ” ( 8 2
1 1 5 4 , 9 6 6 3  5.52E-21  5 1 1 . 2 ? ” / 2 2
1 1 5 5 . 0 3 7 9  5.55E-23  1 5 0 6 . 9 8 8 6
1 1 5 5 . 0 7 0 7  1.77E-21  7 0 5 . 8 0 9 2
1 1 5 5 . 1 5 4 5  5.31E-23  1 5 2 4 . 1 4 2 9
1 1 5 5 . 1 9 9 5  7.57E-21  4 2 6 . 1 8 6 6
1~55.2457  5.27E-23  1 5 2 4 , 0 3 0 2
1 1 5 5 . 3 5 4 4  2 . 0 3 E - 2 2  1194.4L67

) 1 5 5 . 4 2 2 3  9.50E-21  3 4 8 . 7 9 2 3
1 1 5 5 . 4 4 1 6  2.03E-22  1 1 9 4 . 4 5 6 7
1 1 5 5 . 4 5 3 2  1.41E-22  1 3 3 2 . 8 9 3 6
1 1 5 5 . 5 2 1 7  1.09E-20  279)10~8
1 1 5 5 . 5 9 4 1  3.48E-21  6 0 5 . 3 8 6 5
1 1 5 5 . 6 8 6 1  6.30E-22  7 0 5 . 8 0 9 2
1 1 5 5 . 7 2 8 6  1.52E--2O  217. j261
1 1 5 5 . 8 3 2 1  1.93E-21  2 7 9 , 1 0 1 8

1 1 5 5 . 8 7 9 2  1.73E-20  1 6 2 . 8 ’ / 5 4
1155.9”763 “7.04E-23 1393,7864

(d) (e)

-0.52 -3
- 0 . 0 4  6

0 . 5 0  0
-8.72 hot,
-4.45 hoi
-0.11
- 0 . 4 7  0
- 0 . 2 1  4
-0.46 -2
- 0 . 0 7  1
- 0 . 8 4  0
- 0 . 9 5  0
- 0 . 0 6  0
- 0 . 2 4  9
-0.21 hot.

0.51 4
0.07 --1

- 0 . 0 1  0
0 . 8 9  5

- 0 . 1 1  4
-0.21 -4
-0.01 -2

0 . 2 4  4
-2.31 hot
-0.17 -4
-0.20 -3

5.65 hot
- 0 . 1 2  5
-0.45 hot
-0.16 -3

0.50 hot
0.’(2 ~o

-0.05 -5
-0 .82 -4

0 . 0 8  *
- 0 . 4 4  0

0.01 1
-0.49 -9
-0.22 -$?
-0 .32 -7
-0.20 -3

1.60 =3

(f)
V J K C

1126A1
lj70A2

182?E

2 8 0 A I
270A2

1160AI

172E

I171E

I 1 O O A 1
1150A2

I141E
1 16 1 1;
1140A1

ll”12E
4 2 III

lj70A2
1130A2
I151E

l~71E
I182E
I189AI
I120A1

l~72E
4102A1

l~41E
IIIOA2
4 9 0 E

1131E
492A1
l~OOAl
492A2
1173A2

1 9 0 A 2
1 ~“1 3 Al
I183A2

1 8 0 A I
l12jE
lj3.lE
170A2
180A1

160A1
472A2

V ’ J ’ K’C’

4 1 1  8 A 2
4 17 1 Al
4 8 0 E

981A2
971A1

4 16 1 A2

4 7 0 E

4170E

4 1 0 4 A 2
4 15 1 Al

4145E
4160E
4 14 1 A2

4176E
1620E

2160AI
4 13 1 Al
4150E

2161E
4181E
2179A2
4 12 1 A2

2162E
j6 10 1 A2

4140E
4 11 1 Al
1791E

4130E
16 9 1 A2

4 10 1 A2
16 9 1 Al

2163AI
491AI
2163A2
4182A1

4 8 1 A 2
4120E
4135K
471AI
4 8 4 A 2
4 6 1 A 2

16 7 1 Aj

1 ‘1



1 1 5 6 . 0 0 4 9  1.84K-20
j156.0140  5.03E-21
1 1 5 6 . 0 2 9 5  8.331S-22

1 1 5 6 . 1 0 8 4  1.82E-20
1 1 5 6 . 1 5 0 9  1.90E-22
1 1 5 6 . 1 9 0 9  1.65E-20

1 1 5 6 . 2 5 2 5  1.32E--2O
~156.2937  8.54E-21

~~56.3368  2.74E-23
1156.42?42 6.78E-21

1 1 5 6 . 4 8 7 4  3 . 4 9 E - 2 4

1 1 5 6 . 5 8 6 2  1.19E-22

1 1 6 . 3 5 8 5
5 1 2 . 6 2 6 4

9 3 3 . 6 0 0 6

7 7 . 5 8 2 8
1203.80j5

4 6 . 5 5 4 7
2 3 . 2 7 9 2
7.760j

j513.8573
4 2 7 . 5 4 3 6

7 7 0 . 7 0 0 4
2 1 7 . 1 2 6 1

--0.07 0
- 0 . 3 8  4

0 . 0 4  - 3

-.0,18 2
0 . 8 1  - 3

- 0 . 1 4  - 3

- - 0 . 2 1  - 3
- 0 . 0 4  3
- 0 . 2 2  0
- - 0 . 0 2  - 6

-0.45 - 5
“0.19 - 4

lj56.6259  7.8jE-23  1 0 5 6 . 8 9 8 2  - - 0 . 4 5
1 1 5 6 . 6 5 8 7  1.37E-2j 8 1 7 . 9 1 3 2 0.02 h o t
jj56.”/:1~4 7.21E-23 1 2 9 4 . 2 0 7 7  - - 3 . 0 4  h o t
!~56.8368 8.63E-21  350.15j8  “0.06 O
jj56.9615 9.32E-23 6 0 5 . 3 8 6 5  - 0 . 5 5  - 7

j 50A2,.
jlllE

lj52E
140A1
1174E

130A2
120AI
j10A2
j 18 12 Al
11OIE

jj37E
1“/0A2
j162E
j142F;
452A~

1 9 jlz
1121E

451AI
4110E

4j51E

441A2
2?164H

431AI
421A2
411AI
2 17 12 A2
4100K

4 1 2 9 E
4 “1 4 Al
4j66E
4j4jE

16 5 j A2
490E
4325E
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‘J’al)lc  (;< II;stilllald  illtc)lsity  sulllmatic)lls  Of (IIC lVOIIad - ‘j’liad Syst,CJn.

#~lillm ““”Millllnuln  hflaxi]l~l~ltl IIltmlsitj)r  sulnrllatic)]t
(3)1- ‘

90 137!)
320 1100
169 105{)
228 1190
488 1304
7 1 0  1091

16 1534
640 1032

() 1094
720 1070

31 1500
583 1310
416 1288

‘(f] ]]{)]
2.50 1033
233 1356
126 117(;
485 1030
563 1308
334 1108
()?J lox

101’.2 1287
38 1080

1141 1021
‘i15 1032

1 (i

0?1- J

1 5(%
1382
1231
1 (ioO
1 (i22
] 397
1 (i35
1373
1201
1570
1 (i55
1 (i08
1588
1424
1380
1629
139(i
1385
1 (i20
1405
1321
1610
1350
] 3<)(;
1371

/Clll IIlolc!cul(!
3]()-23

4 ](3-21

] ] ( ) -22

] ] ( ) - - 2 2

( i  1 0 -2 2

~ ]0-21

4 IO-24

/j ]0- z]

( i  ]0-25

g ]()-21

( ;  ]0-24

,q ]()- 22

:] ](,-22

(i ]o-2~3

‘j ]0-22
J ] ( ) - 2 2

{) ]()-23

] ]0-21

{) ]()-22

3 10-22
~ ]()-21
] ]()-21

:/ ]()-23

1 10-2°
y ]()-21



‘1’alllc  7. Sali]]JICI  of tilt! ~olia(l - ‘1’liad IIot tra]lsit,iolls.

(a) (b)

12?83.2?731 1.5E-23

~296.6906  1.5E-23
12?88.7617 2.IE-23

1 1 4 4 . 7 6 6 4  2.8E--23
1 2 7 5 . 5 7 6 6  2.8E--2?3
~~51  .0861 2.9E-23
1 1 3 5 . 7 4 7 6  8.7E-24
1 2 8 8 . 8 2 6 6  2.8E-23

114~. .9O64 6 . 8 E - 2 4
1 2 8 9 . 0 0 7 5  2.OE--23

1 2 7 5 . 6 2 1 5  2.OE-23

1 1 5 9 . 5 6 2 9  5.2E-23
1~37.1863  3.lE-23
1 3 1 9 . 0 4 2 6  2.3E-23
1 2 8 1 . 0 4 8 4  3 . 4 E - - 2 3
1267.”/’470 3.7E--23

131906453 5.OIZ-24
1 3 1 9 . 3 3 7 5  2.3E-23
1 3 1 9 . 6 1 2 6  5.lE--24
1 1 2 7 . 8 6 9 2  1.5E-23
1 1 4 0 . 1 8 3 2  2.9E--23
1 1 5 4 . 3 0 1 7  5.6E--23
1131.:+057  2.5E--23
1281  .~742 2.2E-23
1 3 1 9 , 1 1 9 0  3.OE--23
1280../643  3.7E--23
~319.2780  2,2E-23
1 2 8 0 . 9 5 3 0  3.21Z-23
1 2 6 7 .-( 9 4 3  3.3E-23
_1432.2144  5.IE--23

1 1 2 8 . 8 0 8 7  2.9E--24
~420.6973  8,2E--24
1 3 1 9 . 4 0 5 9  5.2E-24
1 3 1 9 . 3 7 2 5  6>9E-24

1 4 3 6 . 0 4 8 4  4.OE-24

(c)
V K J C

411A2

4 0 1 E
4 1 2 A 2

412AI
202A1
401E

402E
402E

212E
412E
212E

412A2
413A2
411A2
413A2
2 0 3 A 2

311A2
411A1
411AI
4 0 3 E
423E
4 1 2 E
413E
4 2 3 E
401E
403K
411K
413E
2~3E
4 1 3 E
313E
433E
311E
3 0 1 E

3 3 3 E

N

2
1
1

1
3
1

2
2?

4
3
4

1
1
1
1
3

3
1
2
3
1
3
4
1
1
3

2
4
6

4
8
5
4
5

10

V’K’J’  C]

7 0 0 A 1
900E
911Aj

17 0 1 A2
7 0 1 A ?

16 1 1 E

1611E
901K

901E
911E
“(IIE

1702A1
17 0 2 Al
912A1

912A1
702AI

812?A1
912?A2
812A2

1612E
17 1 2 E

1602E
1602F:

9’22E
902F:
902?F,

9121;
912E
712P:

1502.E
15021-:
1522};
812K
802K

11221;

(d)
N’
3  0 . 0 2

2  - 0 . 8 8
2  0 . 4 1

2 0 . 2 1
5  0 . 0 9
2  0 . 4 7

2  0 . 6 6
5  -0.05

5  0 . 2 0
6  - 0 . 3 0
7 -0.2?8

3  - 0 . 1 3
3  0 . 0 0
5  - 0 . 7 3
5  - 0 . 2 9
7  0 . 3 8

!2 - 0 . 1 0
3  - 0 . 1 3
9  0 . 0 7
3  0 , 6 2
4 - - 0 . 1 0

6  -0.29
6  - 0 . 1 6
8  0 . 2 7
9  0 . 0 1
9  0 . 2 5

~o 0 . 1 1
~o - 0 . 2 2
11 - 0 . 3 7
?5 - 0 . 8 4
15 -0.23
17 - 0 . 6 3
2?0 - 0 . 0 8
21 - 0 . 7 1

25 - 0 . 1 0

(e)
i i]

21

21
1 1
22?
2 2
21

2 1
2?2

3 2
1 1
3 1

1 2
2 2
2 2

2 2
2 1

22?
1 1
1 1
4 1
3 1

1 4
34
3 2
2 3
4 3

1 2
32
32?
3 1
5 1
1 1
1 2
2 3

3 2
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Fi.gurc Caption

IPigurc 1 1“’1’11/  s]xxtI un] 01 L’//:jf) ill tlIc rcgioll of tlIc w Q l) IaIIclI.
fmtll[)t!c : ‘1’llc s]xxtrull)  was Itxmdcd  at 0.0056 citl -1 rcsOluti  Oll vvitll  a ])atll Of 0.05?//

all(l a ])1’(!SSUI’(!  of 4 4  iOl’7’ at? 293.:) K . ‘llIIc trams a] c (llc silnulatd  (k)])) al)d Ol~smvd
(Illiddlc) spectra, wit]] tllc Oljsf:Ivcd - calculatcxl  residuals ill ]xrc.cllt  (l) OttO1n). ‘1’llc scale
(J[ (IIC residual 1)1 Ot is :1 6CX. ‘1’IIc sylltllctic slxxtrulll  was calculated llsillp;  a VOigl]t l)mfilc
\\i( II a s~]f ])Icssl]].c  ljl.~)a~l~:llillg  (.oeflif,i~:l)t,  Of ().0<) Cltl” 1 /{lttl?. ‘J’llc  cc)ll(:s])(jll(lillg  lill(:  lisl is
1 (~lwrtcd  ill ‘1’al)lc  5.



.

‘J’al)]c 1. \~il~ratiollal  l(;llcJgics  Of tl]c ‘J’riad a]]d Nollad of (Y fl:il),
fc)otllotc: ‘~’l)c NuI]~ljcr  ql~otcd ill tl]c ]asi, colu]tlll is lls(d to idmttify  tllc vil.)rat,iol]al

lcvds  ill ‘1’al)lcs 5 and 7.

‘J’al)lC 2. Conditions Of tll( Ki(t  l’(;tlli  Cx])mi]]lc]lts,

‘1’al)lc  3. ltflcctivc llallliltollia~l  ]mraIIIctcrs  for tlIc ‘1’riad  of C’ll:jl),
foot]lok:  A l l  valum ill  (III ],

‘J’al)lc  4. l’;f~cxfivc  ‘1’lal)sitic~ll  MOIIICIIt  l):tI:IIII(t(I:;.

f(mtllotc:  \~alucs ill 1 )cl.)yc l“ivc first o]dcr ])alal]](tt’rs  Iv[:](:  foul]d 1101, significant aJId
tllcll  fixed to zero.

‘1’al)lc  5. SaIII])lc of tllc 01)s (;alc coll]])arisoll  0[ tlIc 11{ s]xx:trul[t  of (~ll:;f).
f(mt,llotc: ‘I’l Ic frcqucllc.~ I alIF,c mrrm])oIIds  to l“ig 1 . ( a )  olmrvcd wavc,lll,,,lw]  i,)

(:111 “ ; (1)) calculatd  illhlsity  ill (T)l/T)lolcmlc  assulltillp, 100% ~~11:,1)  (tlIc  i]ltcmsity  tllI(:slI-
c)I(I  is 10””2s c7/1/7noJcczflc)  ; (c) l,(~w(>I  l{; IICIgy ill 0//-  ] ; (d) 01,s.  (~alc. rcsidua]s frol,) ])Iwc:I,t
wwli ill 10-3c)n  - 1 (c) olM.-Cal(.  Icsidua]s  as rc]x)rtcd in (12) ill 10- ‘C:?n- ‘ (f) Assiglllt]cllt,:
\? J 1< C \/’ J‘ 1<’ C’ are tl]c qUa IItUIII IIUIIIIKIS  for tllc IOWCI  aIId II])])CI ICVCIS rwpcxt,iv(:]y:  V
aIIfl \~) dcsig]]atc the vibrational Icw:ls (rcfm to ‘J’al)lc  1 ); J aIId J’ alc tlic rotational qUa IItl II III
II UIIIIK:r S; K aIId 1<’ denote tlIc al~sol[itc  value of tllc rotational prc)~cctiol]  qualltulll  II UIIIIW;
(; aIId C’ dcsigllatc  t,l)c sylnll}ct I y s])ccics ill tlIc (~:11,  grc)II]). “l]ot” is usd to draw atlt(:lltioll
011 IIotj Imncl irallsitions  ; *: illdicatc:s assig;lllncnt  IIlodificatio]l  wit]! rcs])cct to (~2).

‘ 1 ’ a b l e  6. l’kti]nakd  illtcllsily  sul]]]]latiolls  of tlt(:  NotIad  ‘J’riad Systmn.
fcmtl]lotle:  Summations lmwxl 011 a]) i]]tmnsitly  t lIIulIf)ld  of 10 2s CHn-] / (IIIOICXUIC.CIII

‘) assul]lil]g  100% C1131). ‘1’ IIw+c sultlltlatio]ls  arc IIot, acculatc  illdicatiol)s  o f  t,l Ic t] IIC

illt(>g,l’dk!d  ])alld  St)lWF;(]lS.

‘J’al)lc  7. Sa]II]JIC  o f  tlIc Nollad  ‘1’riad ]tot tral]si[, io]ls.

] “ 1)) (;al([]lat(d i]lt,c]]sity  ill c711/7ncJl(c711(:foot] lotc: (a)  CalculatJcd  wav{lIlllJ)l)cr ill cj)l- , (
assllll)inp;  100% (,VII:+D  (tllc illtc~lsit,~~  tllrcsllo]d  is 10- ‘r’ cTJ//?/~oJ(culc)  ; (c) Assigll]]lcllt  (s(:c
footjllot,c”  of ‘1’al)lc  5) ; ‘1’IIc mtla (olu]JiIIs N al)d N’ are tllc ru]llli]lg  IIu II Il)crs of tl]c  ICICIS  in
il](:]casi]]g,  order.  (d) AvcI’agcd (Iisc!c])a]iciw  a])]o]lg  tra]lsitio]l  ]JaItIICIX  ill 1 0- 3m- 1 ; (c) i;
i ’ :  NuItll)c] of assiglld  pa~tllcls i[]volvcx] ill tllc I,OWII and (JIJ]~cr  levels mspcxt,ivc]y.

]{)
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